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Background: Early repolarization, which was regarded as benign, has recently been
associated with malignant arrhythmia. Despite the newly emerged importance of early
repolarization, little is known about prevalence and QT interval of early repolarization.
Methods: Early repolarization (deﬁned as an elevation at the junction between QRS
complex and ST segment  0:1mV in at least 2 leads) was assessed in database containing
308,391 ECGs consisting of 102,065 patients (52,779 males and 49,286 females).
Results: A total of 1,775 patients (mean age, 49 30 years) with early repolarization were
chosen (1.7% of total population). The prevalence of early repolarization was about 11-times
higher in male patients (n ¼ 1;623) than in female patients (n ¼ 152). The prevalence of early
repolarization was 1.4% at the age of 0–9 years, peaked (5.0%) at the age of 10–19 years, and
progressively decreased with advancing age from 20 to 79 years (3.3, 2.1, 1.6, 0.9, 0.5, and
0.3% at the age of 20–29, 30–39, 40–49, 50–59, 60–69, and 70–79 years, respectively).
Bazett’s QTc interval of patients with early repolarization did not signiﬁcantly diﬀer among
groups of each decade and between genders.
Conclusion: The prevalence of early repolarization was both age- and gender-dependent in
a hospital-based population. Yet, there was no association between QTc interval and age and
between QTc interval and gender.
(J Arrhythmia 2010; 26: 127–133)
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Introduction
The term ‘‘early repolarization’’ which is charac-
terized by a concave-shaped elevation of the ST-
segment ending in a positive high amplitude of the T
wave was introduced approximately half a century
ago.1,2) Several reports acknowledged that ST-seg-
ment elevation was observed in apparently healthy
individuals.3–5) This electrocardiographic pattern has
been usually regarded as a normal variant with a
benign prognosis.6) Recently, Haissaguerre et al.7)
reported that an increased prevalence of early
repolarization in idiopathic ventricular ﬁbrillation
was associated with occurrence and recurrence of
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malignant ventricular arrhythmia. In addition, they
reported that the QTc interval in patients with early
repolarization was shorter compared to those with-
out.7) The establishment of this new clinical entity
motivated us to investigate details on the prevalence
of early repolarization and the QT interval in patients
with early repolarization in a large population.
Furthermore, interest was aroused as to electro-
cardiographic abnormalities complicated with early
repolarization. In this article, we reviewed 12-lead
electrocardiographic recordings obtained from a
hospital-based population.
Methods
The research protocol was approved by the Ethical
Committee of Shiga University of Medical Science.
Study Population
We analyzed resting 12-lead electrocardiograms
(ECGs) recorded in our hospital related to Shiga
University of Medical Science. The 102,065 con-
secutive patients (49,286 females and 52,779 males)
who had undergone ECG recording between January
1983 and October 2008 were enrolled in the present
study. A total number of 308,391 ECGs were
obtained during this period. Twelve leads were
simultaneously measured. The 12-lead ECG was
recorded for 10 sec at a sweep speed of 25mm/sec,
calibrated to 1mV/cm in the standard leads. The
ECG signals were recorded with an interval of 2ms
(i.e., 500Hz). Digital data were stored in a server
computer with a 12-bit resolution.
Data Analysis
From the database, patients who displayed early
repolarization were chosen using analysis software,
MUSE7.1 (GE Marquette Medical Systems, Inc.,
Milwaukee, Wisconsin). A computer-processed algo-
rithm deﬁned early repolarization as an elevation at
the junction between the QRS complex and ST
segment  1mm from baseline level in at least 2
leads (Figure 1). ST-segment elevation must be
present for at least 2 consecutive beats to identify
early repolarization. First, we determined prevalence
of early repolarization in our total population.
Second, we determined QT interval of patients with
early repolarization. Third, we determined the ECG
abnormality complicated with early repolarization.
MUSE7.1 detected identical QRS waves with a
template-matching technique. ECG variables includ-
ing heart rate and QT interval were composed by
measuring the averaged value during 10-sec of
recording time. QT interval was measured from the
earliest detection of depolarization in any lead (QRS
onset) to the latest detection of repolarization where
downsloping limb nearly joined the baseline in any
lead (T oﬀset), while U wave was excluded. T-wave
oﬀset was determined by the time when 98% of the
integrated area of the T wave was over. This method
allowed us to measured QT interval irrespective of
T-wave morphology. QTc interval was calculated
after correction for heart rate with Bazett’s formula.
Since all measurements of the 12-lead ECG were
digitally performed using software, neither intra-
observer nor inter-observer variability occurred in
this study. We determined whether early repolariza-
tion coexisted with ECG abnormalities such as left
ventricular hypertrophy (LVH), right ventricular
hypertrophy (RVH), atrial ﬁbrillation (AF), prema-
ture ventricular contraction (PVC), sinus brady-
cardia (	 50 beats/min), and sinus tachycardia
( 100 beats/min). The diagnosis of LVH and
RVH was made by a point scoring technique provide
by Marquette ECG Analysis Program.
Statistical Analysis
The data are presented as mean  standard
deviation (SD). Statistical diﬀerences among more
than 3 groups were tested with two-way ANOVA for
Figure 1 A typical ECG of a 58-year-old man.
Arrows indicate elevation of ST segment corresponding to early repolarization.
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comparison. Diﬀerences among individual means
were veriﬁed subsequently by Turkey-Kramer post
hoc tests. All tests were two-tailed, and a value of
P < 0:05 was considered statistically signiﬁcant.
Results
Prevalence of Early Repolarization
A total of 1,775 patients (mean age; 49 30 years)
who exhibited early repolarization were chosen from
our database. There was a male predominance of
early repolarization: 1,623 male patients (3.1% of
total male patients) vs. 152 female patients (0.3% of
total female patients), P < 0:001. Overall prevalence
of early repolarization was 1.7%. Clinical diagnosis
of patients with early repolarization is shown in
Table 1. There were 374 patients (28.4%) with
cardiovascular disease in the total patients with early
repolarization. Figure 2 shows the prevalence of early
repolarization in the total population according to
decades of age. The prevalence of early repolariza-
tion peaked at the age of 10–19 years and progres-
sively decreased with advancing age at or above 20
years. Approximately half of patients with early
repolarization were under the age of 20 years.
Figure 3 shows the prevalence of early repolarization
in female and male patients. In both genders, the
prevalence of early repolarization was age-dependent
with the peak at the age of 10–19 years, which was
similar to the prevalence in the overall population.
Figure 4 shows heart rate, QT interval, and QTc
interval in patients with early repolarization accord-
ing to age. Heart rate was signiﬁcantly (P < 0:05)
faster and QT interval was signiﬁcantly (P < 0:05)
shorter at the age of 0–9 years as compared to other
age groups. QTc interval did not signiﬁcantly diﬀer
among all age groups studied and mean value of the
QTc interval was within normal range. Figure 5
shows heart rate, QT interval, and QTc interval of
female patients with early repolarization. Figure 6
shows the same ECG measurements of male patients
with early repolarization as Figure 5. In both genders,
heart rate was signiﬁcantly (P < 0:05) faster, QT
interval was signiﬁcantly (P < 0:05) shorter at the
age of 0–9 years as compared to other age groups,
but QTc interval did not signiﬁcantly diﬀer among
all age groups. There was no signiﬁcant gender
diﬀerence in heart rate, QT interval, and QTc
interval in each decade.
ECG Manifestation of Early Repolarization
Table 2 shows ECG leads where early repolariza-
tion was present. Early repolarization most frequent-
ly occurred in anterior leads. In about 30% of
patients, the ECG leads that manifested early
repolarization were widely distributed (i.e., antero-
lateral, anteroinferior, and inferolateral leads). QTc
interval was identical among ECG leads with early
repolarization.
ECG abnormalities complicated with early repo-
larization are listed in Table 3. Early repolarization
Table 1 Clinical Diseases Associated with Early Repolari-
zation
Clinical diagnosis No. of patients
Angina pectoris 83 (4.7)
Myocardial infarction 11 (0.6)
Hypertension 132 (7.4)
Congenital heart disease or
Valvular heart disease 75 (4.2)
Arrhythmia 133 (7.5)
Kawasaki disease 40 (2.3)
Surgery 501 (28.2)
Others 990 (55.7)
Values are expressed as N (%).
Surgery indicates patients who underwent ECG before surgical
procedure. Others include patients who suﬀered various
internal diseases or who were suspected to have cardiovascular
disease.
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coexisted with ECG abnormalities such as left
ventricular hypertrophy, right ventricular hypertro-
phy, premature ventricular contraction, and atrial
ﬁbrillation. The complication rate of LVH was
higher than that of RVH. AF was found in about
1% of patients with early repolarization, and the
complication rate of PVC was also about 1%.
Compared to AF and PVC, sinus bradycardia (	 50
beats/min) and sinus tachycardia ( 100 beats/min)
were highly complicated in patients with early
repolarization (i.e., 15.7% and 4.5%, respectively).
Discussion
Our results are consistent with previous reports in
the following points: 1) early repolarization is
present in 1 to 5% of the general population, 2) early
repolarization most frequently prevails in young
individuals, and 3) a male preponderance is one of
the characteristics of early repolarization.6,8) The
age-dependent distribution suggests that early repo-
larization might be an ECG phenotype during the
development process. A male predominant presence
of early repolarization strongly suggests that testos-
terone may be associated with occurrence of early
repolarization. Presumably similar to Brugada syn-
drome, testosterone could increase outward transient
current in the population of this study, leading to
ST-segment elevation. This eﬀect of testosterone
strengthens the possible mechanism of juvenile male
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Figure 3 Age-speciﬁc prevalence of early repolarization of female patients (panel A) and male patients (panel B).
0
20
40
60
80
100
120
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79
H
ea
rt 
R
at
e 
(bp
m
)
A)
Age Group (years)
∗
∗
∗ P<0.05; age group of 0-9 years of age
  vs. other age groups
B) C)
QT
 In
te
rv
al 
(m
s)
QT
c I
nt
er
va
l (m
s)
Age Group (years) Age Group (years)
500
450
400
350
300
250
200
500
450
400
350
300
250
200
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79
Figure 4 Age-speciﬁc heart rate (panel A), QT interval (panel B), and QTc interval (panel C) of patients with early
repolarization in the total population.
J Arrhythmia Vol 26 No 2 2010
130
predominance of early repolarization. The peak of
prevalence of early repolarization was, however,
present at the age of 10–19 years not only in male
patients but also in female patients, suggesting an
alternative possible mechanism such as growth
hormone, for example. In this study, a mean value
of QTc interval of patients with early repolarization
was within normal range.9,10) Since the clinical
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Figure 5 Age-speciﬁc heart rate (panel A), QT interval (panel B), and QTc interval (panel C) of female patients with early
repolarization.
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Figure 6 Age-speciﬁc heart rate (panel A), QT interval (panel B), and QTc interval (panel C) of male patients with early
repolarization.
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implication of QT interval in early repolarization
appears to be important, we need to pursue this study
to evaluate the prognostic value of QT interval in
early repolarization.
In contrast to ischemic ST-segment elevation that
is caused by injured current, ST-segment elevation
in early repolarization is unrelated to ischemic
injury.11) However, Haissagurre et al.7) reported that
early repolarization in inferolateral leads was asso-
ciated with the generation of malignant ventricular
arrhythmia in idiopathic ventricular ﬁbrillation. To
date, observation of early repolarization was also
reported in Brugada syndrome12) and arrhythmogen-
ic right ventricular cardiomyopathy.13) In addition,
ST-segment elevation of early repolarization shared
a similar pharmacological response with that in
Brugada syndrome.14,15) These similarities suggest
that early repolarization may represent a non-
ischemic ST-segment elevation related to the elec-
trophysiological substrate.16,17) An experimental
study demonstrated that early repolarization could
be arrhythmogenic in case loss of the epicardial
action potential plateau generates a net repolarizing
current that causes reentry.15)
It may be meaningful to investigate whether or not
early repolarization is present in coexistence with
other ECG abnormalities to stratify the risk of early
repolarization. In our patients, LVH, RVH, PVC, and
AF were complicated with early repolarization. The
left ventricular wall is thicker than the right
ventricular wall. This might explain why LVH was
more complicated than RVH. Of interest, heart
rate seems to be related to the presence of early
repolarization. Especially, sinus bradycardia was
highly complicated with early repolarization. This
ﬁnding suggests that transmural heterogeneity of
ventricular repolarization may become pronounced
when heart rate abnormally decreases.
Although early repolarization might be considered
as a normal variant of the ECG phenotype, unless
otherwise proven, the prognostic value of early
repolarization remains undetermined in this study.
Therefore, we need further investigation to deter-
mine whether or not our patients with early repola-
rization are at risk for ventricular arrhythmia.
References
1) Goldman MJ: RS-T segment elevation in mid- and left
precordial leads as a normal variant. Am Heart J 1953;
46: 817–820
2) Edeiken J: Elevation of the RS-T segment, apparent or
real, in the right precordial leads as a probable normal
Table 2 Relation between QT Interval and ECG leads with Early Repolarization
ECG leads No. of patients QT interval (ms) QTc interval (ms)
Anterior
(V1{4) 1064 (59.9) 401 37 402 17
Lateral
(I, aVL, V5;6) 73 (4.1) 398 58 413 19
Inferior
(II, III, aVF) 54 (3.0) 392 50 406 17
Anterolateral
(V1{4, I, aVL, V5;6) 118 (6.6) 406 39 407 18
Anteroinferior
(V1{4, II, III, aVF) 325 (18.3) 396 45 404 19
Inferolateral
(II, III aVF, I, aVL, V5;6) 141 (7.9) 398 52 408 17
Values are expressed as N (%) or mean SD.
Table 3 ECG Abnormality Complicated with Early Repo-
larization
ECG abnormality No. ofpatients
Complication
rate (%)
LVH 75 4.0
RVH 16 0.9
AF 15 0.8
PVC 24 1.3
Bradycardia 293 15.7
Tachycardia 85 4.5
LVH: left ventricular hypertrophy, RVH: right ventricular
hypertrophy, AF: atrial ﬁbrillation, and PVC: premature
ventricular contraction
Bradycardia is deﬁned as a sinus heart rate of 50 beats per min
or lower; tachycardia, a sinus heart rate of 100 beats per min or
higher.
J Arrhythmia Vol 26 No 2 2010
132
variant. Am Heart J 1954; 48: 331–339
3) Parisi AF, Beckmann CH, Lancaster MC: The spectrum
of ST segment elevation in the electrocardiograms of
healthy adult men. J Electrocardiol 1971; 4: 137–144
4) Joy M, Trump DW: Signiﬁcance of minor ST segment
and T wave changes in the resting electrocardiogram of
asymptomatic subjects. Br Heart J 1981; 45: 48–55
5) Taggart P, Carruthers M, Joseph S, et al: Electrocardio-
graphic changes resembling myocardial ischaemia in
asymptomatic men with normal coronary arteriograms.
Br Heart J 1979; 41: 214–225
6) Klatsky AL, Oehm R, Cooper RA, et al: The early
repolarization normal variant electrocardiogram: corre-
lates and consequences. Am J Med 2003; 115: 171–177
7) Haissaguerre M, Derval N, Sacher F, et al: Sudden
cardiac arrest associated with early repolarization. N
Engl J Med 2008; 358: 2016–2023
8) Mehta MC, Jain AC: Early repolarization on scalar
electrocardiogram. Am J Med Sci 1995; 309: 305–311
9) Gallagher MM, Magliano G, Yap YG, et al: Distribution
and prognostic signiﬁcance of QT intervals in the lowest
half centile in 12,012 apparently healthy persons. Am J
Cardiol 2006; 98: 933–935
10) Anttonen O, Junttila MJ, Rissanen H, et al: Prevalence
and prognostic signiﬁcance of short QT interval in a
middle-aged Finnish population. Circulation 2007; 116:
714–720
11) Mirvis DM: Evaluation of normal variations in S-T
segment patterns by body surface isopotential mapping:
S-T segment elevation in absence of heart disease. Am J
Cardiol 1982; 50: 122–128
12) Yan GX, Antzelevitch C: Cellular basis for the Brugada
syndrome and other mechanisms of arrhythmogenesis
associated with ST-segment elevation. Circulation 1999;
100: 1660–1666
13) Peters S, Selbig D: Early repolarization phenomenon
in arrhythmogenic right ventricular dysplasia-cardiomy-
opathy and sudden cardiac arrest due to ventricular
ﬁbrillation. Europace 2008; 10: 1447–1449
14) Antzelevitch C, Brugada P, Borggrefe M, et al: Brugada
syndrome: report of the second consensus conference:
endorsed by the Heart Rhythm Society and the European
Heart Rhythm Association. Circulation 2005; 111: 659–
670
15) Gussak I, Antzelevitch C: Early repolarization syn-
drome: clinical characteristics and possible cellular and
ionic mechanisms. J Electrocardiol 2000; 33: 299–309
16) Boineau JP: The early repolarization variant—an elec-
trocardiographic enigma with both QRS and J-STT
anomalies. J Electrocardiol 2007; 40: 3–10
17) Lux RL: Early repolarization variant: interesting electro-
cardiographic anomaly or marker of arrhythmogenic
risk? J Electrocardiol 2007; 40: 4–5
Hayashi H Prevalence and QT Interval of Early Repolarization
133
